We show that the existence of momentum and contrarian profits imposes restrictions on stochastic discount factors used to price stocks in equity markets. For several widely used asset pricing models, we demonstrate that these restrictions imply testable forms of intertemporal dependence in macroeconomic fundamentals such as consumption growth rate. Extensive empirical analysis provides supporting evidence that the momentum and contrarian profits manifest the short-term continuation and the longterm reversal in the macroeconomic fundamentals. Intuitively, the dynamics of the macroeconomic fundamentals induces a common return persistence for individual stocks.
Introduction
In this paper we show that the existence of momentum and contrarian profits imposes restrictions on the stochastic discount factor (SDF) used to price stocks in equity markets.
For various asset pricing models, we demonstrate that these restrictions imply specific testable forms of intertemporal dependence in macroeconomic fundamentals such as the consumption growth rate. Extensive empirical tests on these intertemporal dependence restrictions lend strong support on the relation between momentum and contrarian profits and macroeconomic fundamentals. Our analysis suggests that the momentum and contrarian profits manifest the short-term continuation and the long-term reversal in macroeconomic fundamentals. Intuitively, the dynamics of macroeconomic fundamentals induces an intertemporal dependence in the stochastic discount factor. When used to price stocks in equity markets, the stochastic discount factor generates a co-movement component of returns across different stocks. This co-movement component, coupled with the selection of past winners and losers to form the momentum and contrarian portfolios, generates the widely documented trading profits for these strategies. Several recent empirical studies found evidence supporting the existence of a relation between the momentum and contrarian profits and macroeconomic activities. For instance, Chordia and Shivakumar (2002) document that a collection of past macroeconomic variables predict momentum returns, whereas Liu, Warner, Zhang (2005) show that winner stocks and loser stocks load differently on the common factor of the industrial production growth rate. Using a dynamic principal component analysis, Jiang and Yao (2006) also document that momentum profits are due to stock return response to a small number of dynamic systematic factors. 2 To the extent that the contrarian profit is related to the value premium (Fama and French (1996) ), recent literature (Lettau and 1 With a momentum strategy, a portfolio of stocks that outperformed the market over the previous 3 to 12 months (winners) is bought and a portfolio of stocks that underperformed in the market over the same period (losers) is sold. The winner-minus-loser portfolio is then held for the next 3 to 12 months. In contrast, with a contrarian strategy a portfolio of stocks that underperformed the market over the previous 24 to 60 months (losers) is bought and a portfolio of stocks that outperformed the market over the same period is sold. An incomplete list of studies on the momentum profit includes Lewellen (2002) , Jegadeesh and Titman (2001, 2002) , Grundy and Martin (2001) , Chordia and Shivakumar (2002) , Griffin, Ji, and Martin (2003) , Cooper, Gutierrez, and Hameed (2004) , George and Hwang (2004) , Korajczyk and Sadka (2004) , among others. For discussions on the contrarian profit, see the references in Conrad and Kaul (1998) for details. 2 While they point to a possible link to observed economic factors, their study does not explicitly establish Ludvigson (2001) and Bansal and Yaron (2004) , among others) also implies that the contrarian profit is attributable to the time-varying macroeconomic risks.
While the empirical evidence suggests a possible relation between momentum and contrarian profits and macroeconomic variables, existing studies do not explicitly identify the macroeconomic foundation of these trading strategies. By directly examining the restrictions of the momentum and contrarian profits on the stochastic discount factors, we are able to establish the structural economic relation between momentum and contrarian profits and macroeconomic fundamentals. Our study complements existing studies which document the statistical relation between momentum and contrarian profits and macroeconomic variables.
We begin with a careful examination of the return persistence for the crosssection of stocks and its relation to momentum and contrarian profits. As pointed out by Cochrane (2001, page 447) , "momentum is really a new way of looking at an old phenomenon, the small apparent predictability of monthly individual stock returns. A tiny regression R 2 for forecasting monthly return of 0.0025 (1/4%) is more than adequate to generate the momentum results … The key is the large standard deviation of individual stock returns, typically 40% or more at an annual basis. … so the winning momentum portfolio typically went up about 80% in the previous year, and the typical losing portfolio went down about 60% per year. Only a small amount of continuation will give a 1% monthly return when multiplied by such large past returns." The key issue is the source of the weak stock return continuation or persistence. We attribute the stock return continuation (or reversal) to the dynamics of macroeconomic fundamentals. In particular, we explicitly derive and empirically test the structural economic relation between the momentum and contrarian profits and macroeconomic fundamentals for several widely used asset pricing models.
Following this direction, we model the return persistence for the cross-section of individual stocks as the time-varying slope coefficient of regressing the cross-section of stock returns in the holding period (portfolios held) on the cross-section of stock returns in the formation period (portfolios formed), i.e., Under the no-arbitrage principle, the return persistence imposes restrictions on the intertemporal dependence of the stochastic discount factor. Because stochastic discount factors are in general a function of macroeconomic fundamentals, we can further establish the relation between the return persistence and the dynamics of macroeconomic fundamentals utilizing the restrictions on the stochastic discount factor.
For three widely investigated asset pricing models including (1) the standard Lucas (1978) constant relative risk aversion (CRRA) preference model, (2) the Epstein and Zin (1989) recursive preference model, and (3) the Campbell and Cochrane (1999) external habit formation model, we derive explicit testable restrictions on the relation between the return persistence of individual stocks and the macroeconomic fundamentals such as the consumption growth rate or the surplus consumption growth rate. 3 In our empirical analysis, we first estimate the return persistence parameters and demonstrate that the return persistence coupled with the selection of past winner and loser portfolios accounts for the observed momentum and contrarian profits in the data.
We then use the generalized method of moments (GMM) to empirically investigate the relation between the return persistence and the dynamics of macroeconomic fundamentals by testing the restrictions on the consumption growth rate or surplus consumption growth rate derived under specific asset pricing models. Finally, we perform robustness checks using alternative regression analysis on the intertemporal dependence restrictions.
Our empirical analysis provides the following findings. First, by selecting the top 10% stocks to form the winner portfolio and the bottom 10% stocks to form the loser portfolio based on the return performance in the formation period, we show that the common return persistence coupled with the selection mechanism explains around 90% of the time-series variation in both momentum and contrarian profits. Controlling for this interaction, the "abnormal" momentum and contrarian returns in the period after 1947 are reduced to 0.2% and 0.3% per annum, respectively.
Further, the existence of the return persistence allows us to decompose the return to the market portfolio into a persistence-related component and a non-persistence related component. 4 Previous studies have documented that total market returns exhibit no or a slightly negative short-term autocorrelation (for example, Lewellen (2002) ), and conclude that the momentum profit is unlikely to be caused by broad market economic risk. Our market return decomposition demonstrates that it is the persistence-related component that exhibits the short-term return continuation. The negative autocorrelation in the market return is likely caused by the reversal of the non-persistence related component, which may outweigh the continuation of the persistence component. Our market return decomposition thus offers an explanation for the co-existence of a negative serial autocorrelation in market returns and the momentum profit caused by broad market risks.
Second, our empirical tests indicate a strong relation between momentum and contrarian profits and the macroeconomic fundamentals such as the consumption growth rate or the surplus consumption growth rate. Momentum and contrarian profits manifest the short-term continuation and the long-term reversal of these macroeconomic fundamentals. Specifically, our GMM conditional tests using the J-statistic show that the restrictions on the stochastic discount factor cannot be rejected for any of the three asset pricing models. The p-value for the over-identification test ranges from 60% for the external-habit formation model, to 63% for the CRRA model, to 90% for the Epstein-Zin model when we force the models to match both the momentum and contrarian profits.
Further, the estimated risk aversion coefficient or curvature parameter ranges from 2.9
for the Epstein-Zin model to 5.5 for the external-habit model to 6.2 for the CRRA model.
For the Epstein-Zin recursive preferences, the estimated elasticity of intertemporal substitution (EIS) remains very low at 0.08. This is consistent with the finding reported in Kandel and Stambaugh (1991) . The estimated persistence parameter for the external habit is 0.84 and in line with the calibrated parameter value used in Campbell and Cochrane (1999) .
In a prior study, Kandel and Stambaugh (1991) find it difficult for the Epstein-Zin model to generate the short-term continuation in stock index return using annual 4 Although we conduct the empirical analysis on both the equally and value weighted market portfolio indexes, the results reported in the paper mainly refer to the equally weighted market index portfolio.
consumption growth rate process to generate return persistence. This is attributed to the lack of short-term continuation in annual consumption growth rate. In contrast, our investigation uses quarterly consumption growth rate, which exhibits a much stronger short-term continuation, and is able to generate the return persistence for cross section of stock returns.
Our study offers an alternative perspective on the debate regarding the sources of momentum profit. For instance, Jegadeesh and Titman (1993) and Grundy and Martin (2001) argue that momentum profit mainly results from the persistence in the returns of extreme winners and losers. Johnson (2002) proposes a single firm model with persistent dividend growth rate shocks in some states of the economy and show that momentum effects are consistent with rational behavior. He interprets the persistent growth rate shocks as representing major changes in business conditions. However, he does not take his analysis to the multiform level nor does he consider general equilibrium effects.
In contrast, Lewellen (2002) documents that well diversified portfolios of stocks also are capable of producing significant momentum profit. He attributes momentum profit to the excess covariance among the cross-section of returns. We show that such an excess covariance can be characterized by a simple form of return co-movement: the common return persistence across the broad market that is related to the dynamics of macroeconomic fundamentals.
A large number of behavioral models are also proposed as possible explanations, such as the initial underreaction caused by "conservatism bias" as detailed by Barberis, Shleifer and Vishny (1998) , the "overconfidence bias" that is posited by Daniel, Hirshleifer and Subrahmanyam (1998) , the "asymmetric response delay" of Hong and Stein (1999) , and the "spread convergence" between fundamental value and reference price of Grinblatt and Han (2005) , among others. Our study suggests that momentum and contrarian profits emerge in response to the short-term continuation and the long-term reversal in macroeconomic fundamentals. To the extent that these behavioral models offer explanations for the dynamics of the macroeconomic fundamentals, our findings also accommodate the behavioral explanations to be the possible source of momentum and contrarian profits.
The remainder of the paper is organized as follows. In Section 2 we establish the relation between the return persistence and macroeconomic fundamentals using the stochastic discount factors. In particular, we derive explicit testable restrictions on the macroeconomic fundamentals for three widely investigated asset pricing models. Section 3 discusses empirical analysis results. Section 4 provides concluding remarks. Proofs are given in the Appendix.
Momentum and Contrarian Profits and Macroeconomic Fundamentals
We establish the structural economic relation between the momentum and contrarian profits and macroeconomic fundamentals in two steps. First, we propose a specification for the return persistence for the cross-section of stocks and relate the momentum and contrarian profits to the return persistence and the selection of winner and loser portfolios based on stock returns in formation period. The specified return persistence captures the co-movement of the entire market for all stocks. Second, we explore the restrictions on the stochastic discount factor imposed by the return persistence. For three widely investigated asset pricing models including (1) the standard Lucas (1978) constant relative risk aversion (CRRA) preference model, (2) the Epstein and Zin (1989) recursive preference model, and (3) the Campbell and Cochrane (1999) external habit formation model, we derive explicit testable relations between the momentum and contrarian profits and the intertemporal dependence of macroeconomic variables such as the consumption growth rate or the surplus consumption growth rate.
Momentum and contrarian profits and return persistence
For ease of exposition, we use the following definition of the momentum and contrarian strategies throughout the paper. Both trading strategies select stocks based on the realized returns during J consecutive months in the past (the formation period), and hold the stocks for K consecutive months in the future (the holding period). Specifically, at the beginning of the holding period, stocks are ranked on the basis of their returns during the formation period. Based on these rankings, stocks with the highest returns in the formation period are included in the winner portfolio and stocks with the lowest returns over the formation period constitute the loser portfolio according to a pre-determined selection criterion. 5 We equally weight the stocks in each portfolio.
The momentum strategy takes a long position in the winner portfolio and a short position in the loser portfolio, and holds this winner-minus-loser (WML) portfolio for the 5 We use ten decile portfolios in our analysis. However, our results are robust to different selection next K months. The return associated with this strategy is called the momentum profit. On the other hand, the contrarian strategy takes a long position in the loser portfolio and a short position in the winner portfolio, and holds this loser-minus-winner (the reversal of the WML) portfolio for the holding period. This strategy generates a holding period return referred to as the contrarian profit. As the contrarian return is the opposite of the momentum return with the exception of the horizon of the formation period, we investigate the contrarian profit as the negative return to a momentum strategy conducted over a longer formation period than that for the momentum strategy.
Throughout the paper, we refer to the formation period as time t-f and the holding period as time h t + (both f and h are strictly greater than 0) without being specific about the exact month, except when we discuss the dataset. When a distinction between the momentum strategy and the contrarian strategy is required, we refer to the formation period as time t-fm and the holding period as time hm t + for momentum trading, and the formation period as time t-fc and the holding period as time hc t + for contrarian trading.
We denote the total return of stock i in the formation period as , and the total return of the WML portfolio in the holding period as
Cochrane (2001) suggests that momentum profit results from the interaction between the formation period winner-loser return dispersion and the small predictability of individual stock returns. Following this direction, we introduce a return persistence for the cross section of stocks. We then relate momentum and contrarian profits to the return persistence and the realized returns of winner and loser portfolios in the formation period.
By studying the common return persistence of individual stock returns directly, we circumvent the need to identify and estimate different factors and stock-specific components. Consequently, we generate the momentum and contrarian profits without making onerous assumptions about the return generating process.
We specify the following form of intertemporal return dependence for the cross- ). In particular, the slope coefficient, h t b + , which is referred to as the return persistence, reflects a common level of return persistence, or the expected return persistence of a randomly selected stock at time h t + .
It states that a cross-section of stock returns co-moves in the holding period and extends returns in the formation period in a linear but time-varying fashion.
The common return persistence can be viewed as an "average" serial correlation coefficient for the cross section of stock returns (a commonality in the persistence of stock returns). It summarizes the degree to which the cross-section of past returns is extended into the future. We use this specification of return persistence coupled with the selection of past winners and losers to generate momentum and contrarian profits. In particular, h t b + plays a key role in projecting returns from the formation period to the holding period.
Specification (1) is consistent with Conrad and Kaul (1998) in that it emphasizes the importance of selection to generate momentum profit. However, there is a difference between the selection mechanism in Conrad and Kaul (1998) and ours. Instead of examining the total returns in the formation period, they directly investigate the returns in the holding period, and thus auxiliary assumptions on the unconditional expected returns are required to identify the selection. In contrast, we relate the momentum profit to the conditional information of the formation period returns, and therefore establish the relation between the selection and the momentum profits with fewer restrictive assumptions about the underlying return generating process.
Because of the selection, the conditional mean of the WML portfolio in the holding period is different from the unconditional mean of the portfolio. When there is a return persistence between the formation and the holding periods, the return differential between the winner and loser portfolios in the formation period implies a selection return in the holding period. Thus, we formulate the expected return of the WML portfolio in the holding period as the product of the common return persistence coefficient The formulation of the expected return of the WML portfolio given in equation (2) allows us to reconcile the momentum/contrarian profits of DeBondt and Thaler (1985) and Jegadeesh and Titman (1993) with the momentum/contrarian profits of Lo and Mackinlay (1990) and Conrad and Kaul (1998) .
6 To achieve this, we allow the cross- Because the intertemporal return dependence applies to the entire cross-section of stocks, it also applies to the market portfolio. Given the formation period returns and the intertemporal dependence parameters 
The equality holds because the equally-weighted market portfolio represents a simple cross-sectional aggregation of equation (1) and the idiosyncratic error term disappears because of the aggregation.
This specification decomposes the expected return of the market portfolio into a persistence-related component (
) and a non-persistence-related component
The decomposition suggests that the market return consists of a component exhibiting short-term persistence that is common to all stocks. The existence of a persistent component in market return dynamics and the role it plays in generating the momentum and contrarian profits suggest that these effects can be attributed to broad market economic activities.
Return persistence and macroeconomic fundamentals
To establish the relation between the return persistence of the cross-section of stocks and macroeconomic fundamentals, we focus on the stochastic discount factor.
Under the no-arbitrage principal, Harrison and Kreps (1979) show that there exists a stochastic discount factor which can be used to price financial assets. Thus, certain conditions must be satisfied for the stochastic discount factor to accommodate the return persistence. Indeed, by imposing a return persistence in the cross-section of stocks, we identify the restrictions on the intertemporal dependence in the stochastic discount factor.
We summarize these restrictions as follows.
Proposition 1: Suppose that the co-movement of the cross-section of stock returns can be represented by 0 , , , , ,
Denote the stochastic discount factor at time t as t s such that
. Under the no arbitrage condition, we have (1)
Existing studies have documented that a stochastic discount factor is a function of economic fundamentals such as the consumption growth rate. This allows us to derive restrictions on the macroeconomic fundamentals induced by the return persistence. To directly relate the momentum and contrarian profits to macroeconomic fundamentals, we assume that the logarithmic stochastic discount factor has a time-varying intertemporal dependence structure that is given by
where h t + λ and
Because we do not impose any structure on the coefficient h t + κ , this assumption is not as restrictive as it may seem. Indeed, if the logarithm of the stochastic discount factor follows a Gaussian distribution, then a linear structure in the form of equation (5) 
, then the law of motion for the cross-section of stock returns (5) and (6), we observe that the return persistence parameter h t b + , which drives both the momentum and contrarian profits, is directly related to the intertemporal dependence parameter Proposition 2: Assume that conditions in Proposition 1 hold. Assume that the stochastic discount factor has a time-varying intertemporal dependence structure that is given by
or as a first -order approximation we have
7 This assumption follows the convention in finance literature which use asset returns as risk factors. For example, Fama and French (1996) form their systematic factors (SMB and HML) using a collection of Proposition 2 indicates that under the assumption of a linear dependence structure for the stochastic discount factor, the relation between the momentum/contrarian profits and the stochastic discount factor can be tested as a constraint given by equation (7). In other words, as long as this constraint holds, the intertemporal dependence pattern similar to that found in the cross-section of stock returns should also exist in the stochastic discount factor.
We next derive explicit testable restrictions on the stochastic discount factors for three widely examined asset pricing models. Our focus here is to establish the relation between the momentum/contrarian profits and the intertemporal dependence in macroeconomic fundamentals.
Case 1: Lucas (1978) constant relative risk aversion model (CRRA)
Consider a representative agent exchange economy with the constant relative risk aversion preference as in Lucas (1978) . The logarithm of the stochastic discount factor takes the form consumption growth rate at time t.
Corollary 1: Assume that all conditions in Proposition 2 hold. With the CRRA preference, equation (7) in Proposition 2 can be rewritten as
Case 2: Epstein-Zin recursive preference model
Consider a representative agent with the recursive preferences of Epstein and Zin (1989) and Weil (1989) . For these preferences, the logarithm of the stochastic discount factor takes the form (see Bansal and Yaron, 2004) :
where t g is the log consumption growth rate at time t, t m r , is the market return at time t, β is the time discount factor, ψ is the elasticity of intertemporal of substitution (EIS) parameter, and θ is a function of the risk reversion coefficient and the EIS parameter, asset returns. Note also that this assumption is used to motivate Proposition 2. Corollary 2: Assume that all conditions in Proposition 2 hold. With the Epstein-Zin preference, equation (7) in Proposition 2 can be rewritten as
In the special case in which γ ψ / 1 = , the Epstein-Zin recursive preference is reduced to the standard CRRA preferences.
Case 3: Campbell and Cochrane (1999) external habit formation model
We now consider the Campbell and Cochrane (1999) external habit formation model.
Under the external habit formation preferences, the logarithm of the stochastic discount factor takes the form ) ( ln ln
is the log surplus consumption ratio, t X is the external habit, and t g is the log consumption growth rate.
Corollary 3: Assume that all conditions in Proposition 2 hold. With the external habit formation preference, equation (7) can be rewritten as
represents the surplus consumption growth rate. Momentum and contrarian profits under the external habit formation preference specification impose a restriction on the intertemporal dependence in the surplus consumption growth rate and reflect short-term continuation and the long-term reversal on this macroeconomic fundamental.
Empirical Analysis and Discussions
In this section, we provide an extensive empirical analysis on the relation between the momentum and contrarian profits and the macroeconomic fundamentals identified in the previous section. Specifically, we first estimate time-varying return persistence parameters and document the magnitudes of momentum and contrarian profits generated by the return persistence and the selection of past winners and losers.
We then empirically test the restrictions imposed on the stochastic discount factor stated in Propositions 1 and 2 using the three asset pricing models and the macroeconomic fundamentals identified in Corollaries 1 to 3.
We use return data on stocks traded on the NYSE and AMEX from the Center for
Research in Security Prices (CRSP) monthly return file for our empirical analysis. Our sample spans the period between January 1927 and December 2003. To study the momentum and contrarian profits, we focus on the six-month/six-month strategy (J = K = 6), which Jegadeesh and Titman (1993) found representative of the momentum strategy.
Specifically, at the beginning of each month t, the stocks are ranked into deciles based on the returns during the six-month formation period (month t-6 through month t-1 for the short-term momentum profit, and month t-60 through t-55 for the long-term contrarian profit).
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Based on these rankings, ten equally weighted decile portfolios are formed in which the top decile (P10) is the best performing (the winner portfolio) and the bottom decile (P1) is the worst performing (the loser portfolio). The momentum strategy calls for the investor to take a long position in the winner portfolio (P10) and a short position in the loser portfolio (P1), and holds the winner-minus-loser (WML) portfolio for the following six months (month t through month t + 5). On the other hand, the contrarian strategy calls for an investor to take a long position in the loser portfolio and a short position in the winner portfolio, and holds the loser-minus-winner portfolio for the following six months. Unlike Jegadeesh and Titman (2001), we do not roll over and rebalance the momentum portfolio. The trading profit h t + π at month t refers to the compounded return over the six-month holding period of the WML portfolio.
We use aggregate real per capita consumption (nondurable and services) data to compute the aggregate consumption growth rate ( t g ). The dataset for the aggregate 8 We adopt this convention to define the trading strategies so that we can match the quarterly observations of macroeconomic data. For the momentum strategy, some authors (Fama and French (1996) ) skip the most recent month in their formation period, and produce slightly larger momentum profit. For the contrarian strategy, some authors use a longer formation period. For instance, Conrad and Kaul (1998) use month t-36 to t-1 and t-24 to t-1 as the formation periods and next 24 to 36 months as the holding period, DeBondt and Thaler (1985) use month t-36 to t-1 as the formation period and next 36 months as the holding periods, and Fama and French (1996) use past 13 to 60 months as the formation period and current month as the holding period. We note, however, that neither the addition of one-month gap in the case of the momentum strategy As demonstrated in Corollaries 1 to 3, a particular restriction on the consumption growth rate or surplus consumption growth rate can be imposed depending upon specific preferences. A non-rejection of the restrictions stated in Propositions 1 and 2 indicates the ability of the asset pricing model in generating the observed momentum and contrarian profits. Because these restrictions are conditional nonlinear constraints, we can perform the conditional test using the generalized method of moments (GMM). For each stochastic discount factor discussed above, we follow Hansen and Singleton (1982) and form moment conditions as the basis for our GMM estimation. Specifically, we use the following instruments to interact with the aforementioned restrictions to form the orthogonality conditions: the unity vector, the equally weighted CRSP market index return for the contrarian profit.
Specifically, we perform the cross-sectional regression of the holding period stock returns (compounded over month t to month t+5) on the formation period stock returns (compounded over month t-6 to month t-1 for the momentum strategy, and over month t-60 to month t-55 for the contrarian strategy). In Figure 1 we plot the realized momentum and contrarian profits (the solid line on the left scale) and the predicted momentum and contrarian profits using equation (2) (the dashed line on the right scale) for the sample period from July 1926 to July 2003.
Both the realized momentum profit (panel A) and the realized contrarian profit (panel B) track their predicted counterparts closely over time.
To investigate how well the momentum and contrarian profits implied by the return persistence and the selection mechanism track their realized counterparts 
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For the full sample, the momentum profit is much lower at 2.4% per six 11 They use a dataset that includes NASDAQ stocks. However, they exclude firms with very small market capitalization and firms with a stock price that is lower than $5. months or 4.8% per annum. The average predicted momentum profit is 5.2% for six months and 10.4% per annum, almost identical to its realized counterpart, based on the post-1947 sample estimates. It is slightly higher at 3.29% per six months or 6.5% per annum than the realized counterpart when the full sample estimates are used. The difference between the average realized and predicted momentum profit is 0.07% per six months (0.14% per annum) for the sample after 1947, and is not statistically significant.
For the full sample, the difference is -0.89% per six months (-1.78% per annum) and only marginally significant at the 5% level.
Panel B shows the results for the contrarian profit. For the sample after 1947, the average realized contrarian profit is significant at 1.22% per six months (2.44% per annum), which is consistent with the results of Conrad and Kaul (1998) . For the full sample, the average realized contrarian profit is 2.32% per six months (4.64% per annum). The average predicted contrarian profit is 2.27% per six months (4.5% per annum) based on the full sample estimates and 1.42% per six months (2.84% per annum) based on the sample estimates after 1947. Both are very close to their realized counterparts. For the contrarian strategy, the difference between the average realized and predicted profits is close to zero and insignificant across all sample periods, which is consistent with specification (2).
Further, in support of the return persistence and the selection mechanism, we find that for both the momentum and contrarian returns, the adjusted R 2 for regression (12) ranges from 87% to 91% for both the full sample and the post-1947 subsample. This indicates that a large fraction of the realized momentum/contrarian profit variability can be explained by the changes in predicted momentum/contrarian profits. With the exception of the momentum profit in the pre-1947 period, the intercept estimates are in general insignificantly different from zero, and the slope estimates are in general insignificantly different from one. These results therefore support the specification that the interaction of the return persistence and the selection generates the level of momentum/contrarian profits observed in the data. Similar to the analysis on individual stock returns, we first examine the average difference between the realized market return and the predicted market return based on specification (4). We then investigate how much of the variation in the market return can be explained by the persistence and non-persistence components using the regression denotes the compounded market return in the formation period (month t-6 to t-1 for the momentum strategy (Panel A), and month t-60 to t-55 for the contrarian strategy (Panel B)). The average realized six-month market return is 8.29% for the full sample and 7.51% for the sample after 1947. In the meantime, the average persistence component of the market return is statistically significant at 0.7% per six months (1.4% per annum) for the full sample and 0.5% per six months (1% per annum) for the sample after 1947, respectively. The difference between the realized market return and the predicted market return is 0.58% per six months for the full sample for both the momentum and the contrarian strategies, and is considerably lower at 0.14% and 0.2% for the sample after 1947, respectively. Although the difference is statistically significant for the momentum strategy for both the full sample and post-1947 subsample, it is very small relative to the overall realized market return. For the contrarian strategy the estimated difference is only significant for the full sample, but not for the sample after 1947.
Specification (4) decomposes the market return into a non-persistence component
For the equally weighted market portfolio, the adjusted R-squared should be one, because the equally-weighted market portfolio is simply an average of all of the individual stocks. The regression results show that the adjusted R-squared are consistently above 98% across all samples and for both the momentum and contrarian strategies. 12 The coefficient estimates are in general consistent with the hypothesis that the predicted market return based on Our decomposition of the market returns into the persistence and non-persistence components offers additional insight into the seemingly inconsistent relation between the short-term momentum profit that is generated from individual stock returns and the negative serial correlation at six month frequency for the market returns that is documented in existing empirical studies (Lewellen (2002) ). We uncover that the shortterm continuation in the market return is captured by the persistence component 
Empirical evidence on the relation between the momentum and contrarian profits and macroeconomic fundamentals
We now investigate the relation between the momentum and contrarian profits and the macroeconomic fundamentals by empirically testing the implications of Propositions 1 and 2 focusing on the three widely applied asset pricing models. We summarize the three restrictions on the stochastic discount factor as follows: Further, a non-rejection of restrictions (I), (II), and (III) jointly suggests that the momentum and contrarian profits manifest the short-term continuation and long-term reversal of macroeconomic fundamentals. Tables 5, 6 , and 7 present the GMM estimation results for the restrictions on the macroeconomic fundamentals for the CRRA, the Epstein-Zin recursive preference, and external habit formation preference models, respectively. In each table, we report the estimation results for all three restrictions jointly for the short-term return dependence (under column "Momentum"), the long-term return dependence (under column "Contrarian"), and both the short-term and the long-term return dependence simultaneously (under column "Momentum & Contrarian").
The empirical results in Table 5 suggest that the restrictions have empirical support under the CRRA model for the short-term and/or the long-term return dependence. The p-values for the J-test (the over-identification test for the specification) are consistently above 8% for all three return dependence scenarios ("Momentum", "Contrarian", and "Momentum & Contrarian"). The estimated risk aversion coefficient ranges from 5.2 to 6.9 and is higher than the value that is considered to be reasonable. This is consistent with the widely documented equity premium puzzle under the CRRA preferences. The estimates for the time discount factor range from 0.989 to 1.007, in line with estimates of the discount factor reported in some existing studies such as Kocherlakota (1990) .
The GMM estimation for the Epstein-Zin recursive preference model in Table 6 shows similar results to that under the CRRA model. The J-test again indicates nonrejection of the three restrictions with p-values above 21 percent for all three intertemporal dependence scenarios. The estimate of the time discount factor ranges from 1.09 to 1.17 and is higher than that under the CRRA model. On the other hand, the estimate for the risk aversion coefficient is reduced to the range between 1.8 and 3.5 and considered to be more reasonable on agents' risk aversion.
The estimation results also indicate that we need a low EIS parameter (ψ ) to fit the restrictions. Specifically, the EIS estimate ranges from 0.07 to 0.15 for all three intertemporal dependence scenarios. Kandel and Stambaugh (1991) report that to match the observed market index return predictability in both the short term and the long term, the EIS parameter for the Epstein-Zin recursive preferences must be very close to zero.
Our EIS estimates are consistent with their finding and remain small across all three scenarios of intertemporal dependences.
The external habit formation model used here follows Campbell and Cochrane (1999) in assuming the latent process of the quarterly log surplus consumption ratio to be AR(1). The J-test again indicates non-rejection of the restrictions across all three intertemporal dependence scenarios. The p-values for the J-test range from 6% for the short-term intertemporal dependence to 60% for both the short-term and long-term intertemporal dependences. In addition to the time discount parameter and the curvature parameter (γ ), we also estimate the parameter that governs the persistence of the log surplus consumption ratio (φ ). Overall, our GMM estimation results support the hypothesis that there is a close relation between the momentum and contrarian profits and the macroeconomic fundamentals, in this case the consumption growth rate and/or the surplus consumption growth rate. The widely documented momentum and contrarian profits manifest the short-term continuation and the long-term reversal of the macroeconomic fundamentals.
Robustness check using alternative unconditional regression analysis
Our theoretical discussions suggest that if we omit the higher-order terms and focus on the first-order approximation of restriction III, we arrive at the following linear relations under various economic models:
The Epstein-Zin recursive preference model
The Campbell-Cochrane external habit formation model
The above conditions allow us to perform an alternative unconditional test on the relation between the return persistence and the macroeconomic fundamentals using regression analysis. Specifically, for both the CRRA and the Epstein-Zin recursive preference models, the first-order approximation can be tested using the following linear regression specification: 
The rejection of (18) represents the surplus consumption growth rate. Because the habit level is not directly observable, we simulate the latent log surplus consumption ratio observations using the parameters that are estimated by the GMM with the three joint restrictions I, II, and III under both the short-term and the long-term return dependence scenarios as reported in Table 7 . Combining the latent log surplus consumption ratio observations and the observed consumption growth rates, we generate the surplus consumption growth rates. The Campbell-Cochrane external habit model imposes restrictions on four parameters 0 0 = c , γ
, and 1 3 = c . The same joint hypothesis as stated in (18) allows us to test the relation between the return persistence and the intertemporal dependence of the surplus consumption growth rate. Tables 8 and 9 present the results of the regression analysis based on the firstorder approximation of restriction III for the CRRA and Epstein-Zin recursive preference models (Table 8 ) and the Campbell-Cochrane external habit formation model (Table 9) , respectively. We report results for the short-term dependence (under column "Momentum") and the long-term return dependence (under column "Contrarian") for the full sample from 1952Q4 to 2003Q3 and two sub-sample periods (1952Q4-1977Q4 and 1978Q1-2003Q3) . For the CRRA and the Epstein-Zin recursive preference models, the joint hypothesis stated in (18) is rejected at the 5% test level for the full sample for both the short-term and the long-term intertemporal return dependence. Further, the estimate of 0 c is insignificantly different from zero. The estimate of 1 c is small, which reflects a high risk aversion or low intertemporal elasticity of substitution. The estimate of 2 c is in general very small, which is consistent with a time discount factor that is close to one.
The estimate of 3 c is insignificantly different from one, as predicted by the model, and statistically different from zero in most cases.
For the Campbell-Cochrane external habit formation model, the estimate of 0 c remains statistically insignificant across both return dependence scenarios for all sample periods. The estimate for the inverse curvature parameter 1 c suggests that the curvature parameter ranges from 1.62 (or 1/0.6186) to 1.83 (or 1/0.5497) and is lower than the estimate reported in Table 7 . The estimate of 2 c is insignificant, which indicates a time discount factor that is close to one. The estimate of 3 c is insignificantly different from one but significantly different from zero, as predicted by the model.
Overall, the results based on the unconditional regression analysis are consistent with the conditional test results using the GMM. They provide supporting evidence for the relation between the return persistence and the intertemporal dependence of macroeconomic fundamentals.
Conclusion
We demonstrate that the existence of the momentum and contrarian profits imposes restrictions on the dynamics of macroeconomic fundamentals such as the consumption growth rate and/or the surplus consumption growth rate. Specifically, the intertemporal dependence in macroeconomic fundamentals generates a return persistence which captures the co-movement of individual stock returns. The momentum and contrarian profits can then be attributed to the interaction of the return persistence and the selection of past winners and losers.
For three widely investigated asset pricing models including the CRRA preferences, the Epstein-Zin recursive utility, and the Campbell-Cochrane external habit formation models, we derive explicit testable restrictions on the intertemporal dependence of macroeconomic fundamentals such as the consumption growth rate and/or the surplus consumption growth rate.
Our empirical analysis shows strong support for the momentum and contrarian profits being characterized jointly by the return persistence and the selection of past winners and losers. When decomposing market returns into persistence and nonpersistence components, we provide an explanation for the co-existence of a negative serial correlation for the market returns and abnormal returns to momentum trading strategy.
Using the generalized method of moments, we formally test the relation between the momentum and contrarian profits and the macroeconomic fundamentals. For all three asset pricing models, our results indicate that the restrictions imposed on the macroeconomic fundamentals cannot be rejected. This suggests that the momentum and contrarian profits manifest the short-term continuation and the long-term reversal of macroeconomic fundamentals.
In the short run, the profits from holding the winner-minus-loser portfolio reflect the average positive intertemporal dependence in the macroeconomic fundamentals. In the long run, the profits reflect the reversal in the macroeconomic fundamentals.
Momentum and contrarian trading strategies therefore amount to participation in macroeconomic fluctuations that are intertemporally dependent. The profits of the momentum and contrarian strategies are derived from the ability of these strategies to ride upon the stochastic variation of macroeconomic fundamentals.
Appendix: Collection of proofs
Proof of Proposition 1: The existence of the stochastic discount factor follows from
Harrison and Kreps (1979) . The return persistence parameter h t b + given in Equation (3) suggests that it can be replicated with the trading strategy in Lo and MacKinlay (1990) scaled by a conditionally known constant. Because the trading strategy requires zero setup costs, under the no-arbitrage principle we must have . 
In other words, we have: 
Omitting the fourth-order terms we have: b + are estimated for each month by regressing the crosssection of the holding period returns (compounded over month t to month t+5) on the cross-section of the formation period returns (compounded over month t-6 to t-1 for the momentum strategy in Panel A, and compounded over month t-60 to t-55 for the contrarian strategy in Panel B). The sample covers all individual stocks traded in NYSE and AMEX. The standard errors are reported in parentheses. NeweyWest procedure is used to adjust the time-series persistence in these estimates. '*' indicates a 5% significance level and '**' indicates a 1% significance level. Table 5 The Conditional Test under the CRRA Model This table presents the results of the GMM tests of the three restrictions on the stochastic discount factor under the CRRA model. Restriction (I) indicates the rationality of WML returns, restriction (II) indicates the rationality of the market returns, and restriction (III) indicates a relation between the return persistence and the intertemporal dependence structure in the stochastic discount factor. For columns under "Momentum", we test the restrictions underlying the momentum profit with holding period covering two quarters from month t to t+5 and formation period covering month t-6 through t-1. For columns under "Contrarian", we test the restrictions underlying the contrarian profit with holding period covering two quarters from month t to t+5 and formation period covering month t-60 through t-55. For columns under "Momentum & Contrarian", we test the restrictions underlying both the momentum and the contrarian profits. Instruments used including (1) the unity vector; (2) the equally weighted CRSP market index return for the two quarters that cover month t-6 to month t-1. For the other four variables, we use observations for the month of t-1. The standard errors are reported in parentheses. Newey-West procedure is used to adjust the time-series persistence in these estimates. The J-statistic tests the over-identification restrictions. The pvalue of the J-test is reported in brackets. '*' indicates a 5% significance level and '**' indicates a 1% significance level. ) indicates the rationality of the market returns, and restriction (III) indicates a relation between the return persistence and the intertemporal dependence structure in the stochastic discount factor. For columns under "Momentum", we test the restrictions underlying the momentum profit with holding period covering two quarters from month t to t+5 and formation period covering month t-6 through t-1. For columns under "Contrarian", we test the restrictions underlying the contrarian profit with holding period covering two quarters from month t to t+5 and formation period covering month t-60 through t-55. For columns under "Momentum & Contrarian", we test the restrictions underlying both the momentum and the contrarian profits. Instruments used including (1) the unity vector; (2) the equally weighted CRSP market index return observations for the two quarters that cover month t-6 to month t-1. For the other four variables, we use observations for the month of t-1. The standard errors are reported in parentheses. Newey-West procedure is used to adjust the time-series persistence in these estimates. The J-statistic tests the over-identification restrictions. The p-value of the J-test is reported in brackets. '*' indicates a 5% significance level and '**' indicates a 1% significance level. Table 7 The Conditional Test of under the External Habit Formation Model
The table presents the results of the GMM tests of the three restrictions on the stochastic discount factor under the external habit formation model. Restriction (I) indicates the rationality of WML returns, restriction (II) indicates the rationality of the market returns, and restriction (III) indicates a relation between the return persistence and the intertemporal dependence structure in the stochastic discount factor. For columns under "Momentum", we test the restrictions underlying the momentum profit with holding period covering two quarters from month t to t+5 and formation period covering month t-6 through t-1. For columns under "Contrarian", we test the restrictions underlying the contrarian profit with holding period covering two quarters from month t to t+5 and formation period covering month t-60 through t-55. For columns under "Momentum & Contrarian", we test the restrictions underlying both the momentum and the contrarian returns. Instruments used including (1) the unity vector; (2) the equally weighted CRSP market index return t m r , ; (3) the economy-wide default spread t def ; (4) the CRSP dividend yield t div ; (5) the term structure spread t term ; and (6) the short term bond yield t yld . For the market index return, we use observations for the two quarters that cover month t-6 to month t-1. For the other four variables, we use observations for the month of t-1. The standard errors are reported in parentheses. Newey-West procedure is used to adjust the time-series persistence in these estimates. The J-statistic tests the over-identification restrictions. The p-value of the J-test is reported in brackets. '*' indicates a 5% significance level and '**' indicates a 1% significance level. The sample period is from 1952Q4-2003Q3 for the momentum strategy and from 1957Q2 to 2003Q3 for the contrarian strategy. the holding period (compounded for the two quarters that cover month t through t+5) on the formation period consumption growth rate for the short-term intertemporal dependence under momentum strategy (Panel A) and the long-term intertemporal dependence under contrarian strategy (Panel B) using specification (17), gcs + of the holding period (compounded for the two quarters that cover month t through t+5) on the formation period surplus consumption growth rate for the short-term intertemporal dependence under momentum strategy (Panel A) and the long-term intertemporal dependence under contrarian strategy (Panel B) using specification (19), gcs − denotes the compounded per capita surplus consumption growth rate for the two quarters that cover month t-6 through t-1 for the momentum strategy, and for the two quarters covering month t-60 through t-55 for the contrarian strategy. The habit persistence parameter is estimated as in the last column of Table 7 
